Number of stations taken during Eltanin Cruises 32-37
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32

01
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13

32
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29
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11
102
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66
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112
228
65
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0

119
43
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144

21
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32
32

22
22
20

22
22
23

24

32

Other
measurements
Pack-ice
observations
Surface C'4
Radium
Radium, uranium, core-water
P 00 , radon

'Ten Nansen bottles were attached to the STD cable.
Ten "mini-casts" were made in addition to the ten full Nansen casts. These "mini-casts" consist of 4-6 Nansen bottles
attached to the STD cable.
Separate numbers are given to the up and down STD trace. Occasionally an uptrace did not work, hence an odd number of stations.
Forty-six of these consisted of repeated STD stations at one location (65°55'S. 139°E.) for a period of 24 hours.
Numerous photographs are taken at each station.

extend to nearly 800 in. The BT data were used in a
study of the polar front zone (Gordon, in press). A
double polar-front zone is found to exist from the
Macquarie Ridge system eastward to approximately
110 W. The transition from Antarctic to Subantarctic
Surface Water and the production of Antarctic Interinediate Water is complicated in this polar front
zone.
The meridional transport of water masses has been
estimated in a study by Gordon (in press). The southward transport of circumpolar deep water averages 77
)< 10 in'/sec, of which approximately one-half becomes Antarctic Surface Water and the other half
becoiiics Antarctic Bottom Water. The alteration of
deep water to bottom water is accomplished by interaction of the sea water with ice formation, followed
by entrainiiient of more deep water by sinking altered
water. The significant ice formation may involve
either or both the formation of sea ice at the surface
or ice formation at depths greater than 100 m below
the ice shelves. 2 It is possible that a third method of
bottoiii-water production occurs due to the intense
evaporation resulting from the action of the katabatic
winds.
It is possible that melting of the shelf ice may also contribute
to bottom-water formation. A study discussing this process
is in preparation by S. S. Jacobs and others.
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Radiocarbon From Nuclear Testing
and Air-Sea Exchange of CO2
A. W. FAIRHALL, R. W. BUDDEMEIER,
I. C. YANG, and A. W. YOUNG
Department of Chemistry
University of Washington
Atmospheric testing of nuclear weapons, particularly the 1961-1962 tests by the U.S.A. and the
U.S.S.R., has introduced significant amounts of C14
into the atmosphere. Much of this C 14 was injected
into the stratosphere at high northern latitudes. As
this "spike" mixed into the troposphere, C 14-levels in
the Northern Hemisphere troposphere rose until, in
the late summer of 1963, levels as high as 110 percent
above pre-atomic era values were reached. C14-levels
in the Southern Hemisphere troposphere lagged somewhat behind, owing to the slow mixing and large
volume of the troposphere in the tropics, but by midANTARCTIC JOURNAL

1966, the entire troposphere became fairly homogeneous in C14 content, the level at that time being
about 65 percent above pre-bomb levels.
Transfer of this C 14 to the sea is causing the level
of C 14 in the troposphere to decline slowly, while the
near-surface levels of the sea become enriched in this
tracer. The rate of air-sea exchange of CO 2 is expected to be proportional to the square of the wind
speed over the sea surface (Young and Fairhall,
1968). The large ocean areas and high wind speeds at
southern latitudes mean that the bulk of the bomb-released C 14 will probably be taken up by the oceans.
We are studying this uptake by a total-CO,,, sampling
program aboard USNS Eltanin. Sixty-liter samples of
water are being collected (Young et al., 1969) from
various depths to 4,000 m at a number of locations
south of Australia. Carbon dioxide is stripped from
the water aboard ship and absorbed in molecular
sieve which is later returned to our laboratory for C14
assay.
The accompanying figure shows some of the first
data obtained. The limited data that are available on
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levels in the southern oceans from the time that
they were relatively uncontaminated by C' 4 from nuclear tests (Rafter, 1968), indicate that A C' 4 , the
isotope-corrected deviation from the pre-atomic concentration of the terrestrial biosphere, was as low as
—269. On this scale, the pre-atomic levels of most of
the surface ocean is generally taken to be —50. In
comparison with these numbers, the data in the figure
show that significant amounts of bomb-released C14
have been taken up by the ocean at high southern
latitudes. Although the data are as yet rather meager,
the bomb-released C 14 should serve as a useful tracer
for determining the rate of air-sea exchange of CO2
and for tracing the advection and mixing of the various ocean-water masses. For example, the Upper
Deep Water, with a A C 14 value of —60, corresponds
to a water mass originating in the North Atlantic
before the atomic era. The higher concentration of
C 14 in the water masses above and below show that
these have a fairly recent origin at the surface.
The National Science Foundation has provided logistic support for this project, which is supported by
the Atomic Energy Commission under contract
AT(45-1)-2091. The samples were collected and
processed by Dr. Burton T. Ostenson, whose assistance is greatly appreciated.
C14
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Rn 222 in Antarctic Near-Surface Waters
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Salinity and C" profiles for Eitan,n station no. 35, Cruise 36, at
4945'S. 155 E., taken on November 25, 1968. The origins of the
various water masses are indicated.
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The Lamont-Doherty Geological Observatory geochemistry program on Cruise 37 of USNS Eltanin
included a study of the distribution of Radon-222
(Rn222 ) in near-surface waters.
Radium-226 (Ra226 ) in the ocean decays into
Rn222, which then partly escapes to the atmosphere.
resulting in a deficiency in Rn222 in near-surface
waters. Hence, by measuring both Rn 22' on board
and Ra226 later on in the laboratory, one can determine the Rn 222 deficiency. As this deficiency in turn
depends on the rate of near-surface vertical mixing
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